A new library comprising 30 thousand neutron capture gamma rays has been created by combining new measurements on natural elements from Budapest and literature data for all stable isotope targets. All energies and intensities are consistent in that they are based on the chlorine and nitrogen standards, respectively. Accurate neutron binding energies and thermal capture cross-sections could also be inferred for all cases where the level scheme is sufficiently complete. The new data can be used for nuclear structure investigations, reaction model calculations, and a number of applications, such as Prompt Gamma-ray Activation Analysis (PGAA).
Introduction
The development of guided neutron beams has lead to renewed interest in capture gamma-ray spectroscopy for nuclear structure investigations and applications including Prompt Gamma-ray Activation Analysis (PGAA). Until now, the most comprehensive compilation of capture gamma-ray data was published by Lone et al [1] based on Ge(Li) measurements of elemental spectra by Rasmussen [2] in the 1960's. These data give gamma-ray yields per 100 neutron captures, but lack isotopic assignments and statistical uncertainties. The gamma rays were not compared with nuclear structure information resulting in many incorrect assignments.
Recently, new capture gamma-ray measurements for all elements from Hydrogen to Uranium have been performed with the guided neutron beam at the Budapest Reactor [3, 4] . Stoichiometric relationships in various compounds were used to determine all gamma-ray cross sections relative to 1 2 the chlorine and nitrogen standards. In 1998 an International Atomic Energy Agency Coordinated Research Project (IAEA CRP) [5] was formed to evaluate the Budapest data and other information from the literature and create a comprehensive database for PGAA. This database of ≈ 30, 000 gamma-rays from prompt neutron capture has now been completed.
Nuclear Data Sources
Data from the compilation of Lone et al [1] were not used in this evaluation except for comparison with the final results. A principal source of evaluated capture gamma-ray data is the Evaluated Nuclear Structure Data File (ENSDF) [6] . ENSDF is compiled by an international collaboration of evaluators under the auspices of the IAEA Nuclear Structure and Decay Data (NSDD) Working group. The data are organized by isotope and the gamma-ray intensities are normalized per 100 neutron captures. However, the primary emphasis of ENSDF has been to derive nuclear structure information and the gamma-ray intensity normalizations are sometimes incomplete or missing. In this work the ENSDF normalizations were checked, modified, and additional data incorporated from the ENSDF Adopted datasets when applicable. Cut-off dates for the ENSDF evaluations vary, so we have updated the data as necessary from more recent references found in the Nuclear Science Reference file (NSR) [7] .
Reedy et al [8] have evaluated capture gamma-ray data for the isotopes of elements with Z = 1 − 30. Gamma-ray intensities were also normalized per 100 neutron captures. The literature covered by this compilation is generally the same as ENSDF, but the data have been evaluated for applied use. We have substituted the Reedy et al datasets for ENSDF whenever they were deemed superior.
The Budapest Reactor gamma-ray data were measured for each element, and energies and elemental cross sections were provided. Isotopic assignments were derived by comparison of the energies and relative intensities to those in ENSDF. These data were then compiled into ENSDF format for comparison with the literature data.
Other data sources used in this evaluation include isotopic abundances from Rosman and Taylor [9] , total thermal neutron cross sections from Mughabghab et al [10] , Westcott g-factors from Holden [11] , IUPAC atomic weights [12] , and neutron separation energies from Audi et al [13] .
Evaluation Methodology
Two source datasets were constructed using ENSDF formats. A literature source was constructed from ENSDF, Reedy et al, and/or original papers. This dataset was edited for consistency and completeness, and the gammaray intensity normalizations were checked by comparison with the intensity balance through the level scheme. Additional data, including conversion coefficients and weak gamma-ray branches were added from the ENSDF Adopted Levels, Gammas dataset. The second dataset was constructed from the Budapest Reactor data as described above. In some cases no adequate literature data had been published and only the Budapest Reactor data were used.
Adopted Gamma-ray Energies
Adopted gamma-ray energies were averaged by a weighted least-squares fit of the measured gamma-ray energies to the level scheme. Data from both sets were analyzed simultaneously and, as the gamma energies represent the differences in the well determined level energies, even weak transitions could typically be determined to better precision. A chi-squared analysis of the fit was performed, and the uncertainties of individual outliers with χ 2 /f > 4, and all data for sets with χ 2 /f > 1 were increased and the fit repeated until χ 2 /f = 1.
Adopted Gamma-ray Production Cross Sections
The Budapest Reactor gamma-ray intensity data were reported as elemental cross sections, and the literature intensities were generally compiled per 100 neutron captures of the isotope. These data were averaged by one of two methods. If a well determined gamma-ray cross section existed in the literature, the gamma-ray intensities in the literature dataset were renormalized with that value and directly weighted averaged with the Budapest values. For most cases no accurate normalization existed, and the literature values were renormalized by a factor chosen to minimize the weighted average difference between the literature and Budapest intensity data. The renormalized intensity data were then weighted averaged with the Budapest data to obtain the adopted cross sections. A chi-squared analysis was performed, as described for the energies, to handle individual outliers and discrepant datasets. In addition, the skew in the chi-squared distribution, as a function of energy, was used to determine systematic differences in the underlying efficiency curves, and discrepant data were removed from the analysis.
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The gamma-ray intensity balance through the level scheme was used to determine the quality and completeness of the evaluated data. The sum of gamma-ray cross sections feeding the ground state could be compared with the values from Mughabghab et al [10] , and the ratio of the sum of primary gamma-ray cross sections to the ground state feedings give an indication of the completeness of the data. Intensity balances in or out of intermediary levels also indicate missing or anomalous intensity. An example of the intensity balance for the adopted data for 24 Mg(n, γ) is shown in Table 1 . No important discrepancies were noted in this case. 
Radioactive Decay Data
We have included gamma-rays from the radioactive decay of short-lived activation products in this evaluation. In most cases gamma-ray data from the ENSDF decay datasets were renormalized using the total cross section information from Mughabghab et al [10] . In some cases more recent cross sections from the literature were used for normalization. The Budapest data was used for normalization when the half-life correction was negligible and decay gamma rays were observed with better precision than the literature cross sections.
Neutron Separation Energies and Total Cross Sections
Byproducts of this work include neutron separation energies deduced from the level scheme and total neutron capture cross sections determined from the ground state feedings. For many light nuclei the capture gamma-ray data are nearly complete and the total primary gamma-ray cross section can also be used. In many cases decay gamma-rays could also be used to determine the total capture cross section. This was particularly applicable for determining the cross sections populating isomeric levels. Even if the data were incomplete, the total gamma-ray cross section feeding the ground state provides a lower limit for the total cross section. Table 2 gives a preliminary summary of the neutron separation energies and total neutron capture cross sections deduced here. Notable discrepancies with respect to Mughabghab et al [10] total cross sections were observed for 6 Li, 12 C, 33,34 S, and 37 Cl. These results are still under investigation.
Final Results
The capture gamma-ray library will be disseminated in several ways. An IAEA TECDOC will be published later this year. It will include complete prompt and decay gamma-ray tables, ordered by element and isotope, containing energy and k 0 values. Decay gamma-ray k 0 values must be corrected for saturation, and are presented assuming a 1 hour activation. Energyordered tables of the most intense gamma-rays will also be provided. There will also be a table of atomic and isotopic properties including abundance, total capture cross sections, and Westcott g-factors. In addition to the TECDOC, the database and its compete documentation will be provided on an accompanying CD-ROM. Dissemination software is being developed in collaboration with V. Zerkin of the IAEA to provide Internet access to the data with full gamma-ray searching capabilities.
A Handbook of Prompt Gamma-ray Activation Analysis is under development is association with Kluwer Scientific Publishers. This book will provide the gamma-ray energies, cross sections, and relative intensities as a percent of the strongest transition, for each isotope. Energy-ordered tables and atomic and isotopic properties will also be provided. An atlas of spectra for all elements will be included. The Handbook will provide detailed information on experimental PGAA analysis including the use of the library. An accompanying CD-ROM will also be included with the Handbook.
The ENSDF format datasets will be provided to the National Nuclear Data Center in Brookhaven for inclusion in the XUNDL experimental data library. Publication of this data in Nuclear Data Sheets is under consideration. The capture data will be available on the LBNL Isotopes Project's website at http://ie.lbl.gov/toi.html. 
